A hybrid analyticalhimulation model is developed to plan for mass tactical airborne operations. This automated tool enables the user to properly load aircraft according to the mission and user specifications, so that the minimum amount of time is required to seize all assigned objectives. The first portion is a mathematical model that once solved provides the optimal manifest under "perfect conditions". This analytical model is represented by a transportation network, and optimized using a transportation algorithm. The results of this solution are input to an integrated simulation model that introduces the inherent variability. The simulation returns the expected, best, and worst arrival times, and the build up of power over time. This hybrid approach allows a very large problem to be solved efficiently with a great deal of time savings.
INTRODUCTION
Mass tactical airborne operations are one of the most complex and dangerous of all offensive military operations. In just under one minute, over one thousand paratroopers can be delivered from the air into a single drop zone. Each jumper is assigned an objective that he must move towards immediately after hitting the ground. Because the jumpers exit in the order they are seated, the personnel seating assignment on the aircraft (i.e., the manifest) has a direct impact on where each individual jumper lands and as a result how long it takes him to reach his objective. The goal of the commander is to load his aircraft in such a way that the minimum amount of time is required to seize all assigned objectives. Therefore, a good air plan is crucial in the execution of the ground tactical plan.
The current recommended air plan practices for all U.S. Army airborne units is described in the 82nd Airborne Division's Airborne Standard Operating Procedures (ASOP). The process outlined in ASOP can lead to effective air plans, if it is properly followed; however, it is a very time-consuming process. Moreover, in practice, a great deal of negotiation, bartering, and politics influence the air plan and, as a result, the commander's intent is not always fulfilled.
In this paper, we present an automated tool to objectively generate an effective manifest that would meet the commander's goals and would reduce the subjectivity that is generally involved in the process. This automated tool is developed based on a hybrid analyticakimulation modeling approach. Hybrid modeling is an approach in which independent analytical and simulation models of the total system are built and solved, and their solution procedures are used together for problem solving (Sargent 1994, and Shanthikumar and Sargent 1983) . This approach was selected because the airborne manifest problem is an assignment problem that can be solved using a transportation algorithm. However, a number of simplifying assumptions must be made in order to solve this mathematical model. Therefore, the analytical model only provides a solution to "the world is perfect " scenario. A simulation model, on the other hand, allows for the introduction of the variability that exists in such operations. The sources of variability include aircraft speed, direction and altitude, along with jumper exit intervals, wind drift, descent rate, paratrooper impact recovery, and orientation and ground speed to the objectives. The optimal solution to the mathematical model would provide a good starting solution to the simulation model and together, the two models allow the commander to estimate the probabilities of reaching the targets within specified time limits. The output of the hybrid model will include the minimum, maximum, and the expected time for building the combat power to so%, 75%, 90"/0, and 100% at each objective.
